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Historical Review of th:^ Uses of Compressed Air.
The first authentic patent for compressed air machinery was taken
out in England in 1726 by Rowe, Prom that time up to the beginning
of the nineteenth century there were many attempts to pump water by
means of slightly compressed air.
In 1799 Medhurst took out a British patent to compress air for
motive power by means of a wind-mill, and in 1828 Bompos in a pro-
visional British patent proposed to propel locomotives by compressed
air. In the same year Colladon proposed to employ compressed air in
the Thames tunnel.
However, the first decided advance in the science of compressed
air and its applications was made by William Mann. In his patent he
states that by application of compressed air, power and motion can be
communicated to fixed machinery, carriages, loconotives and ships.
In the description of his method of compressing air, he says: " The
condensing pumps used in compressing the air I. make of different
capacities, according to the density of the fluid to 'be comprecsed,
thos-:^ used to compress the higher densities being proportionally
smaller than those previously used to compress it at the first or
lower densities. It is evident from this extract that ilanndiscovered
the advantage of compound compression.
In 1876 James Surrey in a British patent suggests portable vessels
filled with com.prersed air for the use of railways; he also suggests
a central compression plant with a system of piping between stations.
In 1844 Arthur Parsey patented a regulating device between the

1receiver and cylinder.
In 1847 Von Rathen in an English patent describes the processes
of wet cooling and jacket cooling: he also describes a refrigerator
for cooling the air after compression and also a reheater.
In 1852 Colladon applied for an Italian patent for the use '^f
compressed: air as a power for driving the rock drills in tunnel
construction.
January 15th. 1854 Arthur Parsey patented in England the double
acting air pump with hollow piston rod, through which air is admitt-
ed. The valve may be as large as the cylinder. The rod passe,
through the valve and has a spiral spring to keep the valve seated.
The above summary is intended to point out in a slight degree the
most important steps in the development of the compressed air mach-
inery of the present day.
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Compressed Air as a Motive Pov;er for Vehicles or Trucks.
The "CoTnpressed Air" for March 19C0 gives illus traticns and des-
criptions of compressed air propelled vehicles showing their develop-
ment in the line of the auto-truck. The New York Auto-Truck Co. has
"been carrying on a line of experiments to demonstrate the feasibilit]
of compressed air vehicles for street haulage.
The first carriage of this typ' v/as huilt in 1895 and 1896 to
establish the general principles, the milage, regulation and control
by this power. The pov^er was applied by a Hoadley-Knight motor. It
v;-a3 found, that on one charge it would run 14 miles and ascend a
grade of 20 per cent at 8 miles an hour. Air v;as reheated by a small
coal fire.
The second vehicle v:as a factory truck for handling heavy weights
around the factory yard at V/orchester, Mass. ; it was capable of
carrying 10 tons. This vehicle had no provision for preheating, as
it was not required to run long distances, and it could be recharged
at any mom.ent. .
With this development to demonstrate the power and feasibility
of compressed air a tractor was built, which was a sort of compress-
ed air locomotive. The power was controlled by the feet and the
steering was done by the hands. Controlling treadles extended out
from the standard in front of the drivers seat, convenient as a
foot rest.
By pushing one foot dovm the vehicle vras caused to go forward,
and by pushing the other foot dov.Ti it v;as caused to go backv;ards,
while putting both feet down in a medium position broagh o the vehicle
3.

to a standstill. This tractor is said to have developed a hundred
horse-pov/er and to have hauled 40 tons on railroad cars. Hot water
und-^r POO pounds steam pressure v:as used for reheating.
The tractor may be seen hauling railroad cars and also pulling
coal wagons on the streets of Worchester, Mass. Other tractors were
built on similar lines, and 'vcic used in Providence, R.I. at the
works of the International Power Co. , for factory v/ork. In connectiori
with a low gear truck, the forward wheels of the gear being dis-
pensed with and its forward end being hung by a link under the rear
axle of the tractor, thus making a "Lorry" of the tractor. This was
followed by the auto-truck which was adapted to carry a load on its
back and represents the most po^.'erful automobile v/hich has yet been
produced. It is capable of carrying a load of 10 tons up a grade of
10 per cent.
The view shown was taken in Providence, R.I. The truck was used
for factory work, hauling large castings. It was afterwards taken to
New York and usee there for hauling lumber. The v/eight of the loads
sho^vn was 18000 lbs. This truck in the prototype of other trucks now
being built by the International Power Co. , and they differ in
points, weights and material. The v/eight of the nev; truck is much
less and the material of a character designed for permenancy.
"Compressed Air" of January 1900 contains a cut and description
of an air driven wagon.
The engine used in the air wagon is of the usual two cylinder type
and weighs 36 lbs. and has several special features in its construct-
ion. It is adapted for the use of steam or air, as -required. With
the use of air it has a storage capacity of six cu. ft. which
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• could be incr-ased without mat rial addition to the total v/eight of
the v,'agon, which is with the present capacity 670 lbs.
With air as a pov/er, appliance for reheating the air is used. The
air is stor'd at a prosoure of 2500 pounds per. square inch and re-
duced to an initial pressure of 150 pounds by an arrangement of re-
ducing valves, which are under the control of the operator, and
allov.'5 the •vorking pressure to be regulated as required.
On a recent trial on bad road this vragon was operated with a con-
sur.ption of 60 cubic feet of free air per. mile. The conditions of
the road v/as muc-i below the average, and the trial was not one v.'hich
v,'ould give the most economical results in the use of the pov/er, yet
under these conditions, the storage has capacity to run the carriage
twenty or thirt;- miles.
"Compressed Air' of December 1898 contains the following in regard
to a com.pressed air truck.
The truck shown in cut is of one in daily use at the works of
the American V/heelock Engine Go.
,
Worchester, Mass. , -and is used
for moving large castings and other bulky work from place to place.
This truck will handle ten tons and occupies a space of four by
fifteen feet. It is claimed that it v/ill run about half a day on
one charge of air and will operate with a pov/er cost not exceeding
one cent a mile. The mot -r used is of the Hoadley-Knight type, that
is to say, it is o.n iron-clad motor having all its working parts in
a closed iron basin partly filled with oil so that nc attention
for lubrication is required.
5.

A simple wedge movement enables its operator to reverse the motor
or con.trol the point of cut-off. This is done by the lower hand
wheel shov,Ti in the cut. The upper "Wheel is for steering purposes,
it "being connected to a segmented gear, attached to a single steer-
ing v/heel. The throttle is controlVd by a lever which is opened by
the operator pressing his knee against it and is closed by a spring.
The motor drives both the rear wheels through a compensa.ting bevel
gear arrangement tlius allowing it to turn in any direction. The
truck when working under ordinary conditions^ consumes about 75 cubic
feet of air pf^r mile. This involves a cost of less than one cent
per mile for pov:er.
^0 r
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COMI'RESSF.D AIR TRUCK.
This Automobile is operated by Compressed Air, and huilt by
THE American Vehicle Co., New York.

A TYPICAL MOTOR TRUCK. MOTIVE POWER, COMPRESSED AIR.
10.-

Conpressed Air as a Motive Power for Locomotives.
The Railvray Journal of June 1899, Vol. 2 page 14, contains the
following about conpresned air locomotives in practical operation at
the mines of f^e Philadelphia and Reading Cot 1 and Iron Co, ,Ashland
Coal and Iron Co. , and the Jefferson Coal Co. , also at the v/orkr> of
the Plymoth Cordage Co. The users of these locomotives report that
they are doing excellent service.
It is claimed that these engines for the service intended are more
reliable and more econc-ical in installation and operation than othei
systems.
They are absolutely safe from, fire amd handier in operation thah
a steam engine of the same size. The leading anthracite and bitumin*^
cms colliers have adapted them after exhaustive examination. IVe are
therefor forced to accept the claims made in their favor.
The compound system shov/n in the P. and R. C. and I. Co. engine
num^b^r 44 is found to be more economical in the use of air as it
gives a greater range of expansion in the cylinders than the ordin-
ary single expansion system. This engine vras the first one of its
type put into service and has handled 45 empty coal cars v.'eighing
2300 pounds each on a grade of l.P per. cent.
These air engine tanks usually carry a v^orking pressure of 600
pounds per. square inch.
Specifications of som.e of these engines are given belovri-
Four-coupled mining pneumatic locomotive for the Ashland Coal and
Iron Co. Cylinders 14x9 with plain valve; air tanks, one 26.5
inches in diameter and 18 feet 5 inches long; one 26.5 inches in
11.

diameter and 15 feet 9 inches long; one 15.75 inches in diamatcr
and 13. feet 5.75 inches long, thickness of sheet 1/2 inch and 3/8
inch, thickness of head 5/.8 inch, working pressure 100 pounds,
storage pressure 600 pounds.
Driving wheels, outside diameter 28 inches, diameter of center 24
inches, journals 4x^ inches; v.tieel "base, drivers 5 feet 3 inches,
weight on drivers 20500 pounds, gauge 3 feet 7.5 inches.
Compound four-coupled mining pneumatic locomotive for the Phila-
delphia and Reading Coal and Iron Co. Cylinders, diameter,
high pressure 5 inches,, lov; pressure 8 inches, stroke 12 inches,
balanced piston valve. Air tanks; one 32 incher in diameter lj5 feet
long, one 32 inches in diameter 13 feet 6 inches long, one 14.5
inches in diameter 13 feet 4 inches long. Thickness of sheets 3/8
inches, thickness of head 9/16 inches, working pressure 200 pounds,
storage pr-^ssure 600 pounds.
Limit of height of engine 5 feet 3 inches, limit of width 6 feet,
limit of length 16 feet.
Driving wheels, outside diameter 24 inches, diamef-rr at center 20
inches, journals 4x6 inches, wheel "base driving and total 4 feet 6
inches, weight on drivers and total 22000 pounds, gauge 3 feet 8 in.
12.

The IlcCormick Harvesting Co. of Chicago have six compresE d air
locomotives to take the place of about sixteen drays in doing their
draying. The compressed air po^'^er being the safest as there v;as so
much inflamable material and danger from fire. No tests have been
made as to the amount of air required to run those locomotives but
it is said that th-^y will vror'k continuously for about tv/o hours on i
one charge using air at twenty-five hundred pounds pressure.
The follov/ing photographs of the Porter locomotives were furnished
with the compliments of the manufacturers.
::f>frtloq
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Compressed Air Industrial Locomotive, Single Tank, Four Driving Wheels
18.

Compressed Air Mine Locomotive, Two Tanks, Four Driving Wheels
Compressed Air Mine Locomotive, Single Tank, Four Driving Wheels
19.

Cpmpressed Air as a Motive Power for Street Railways*
|j
**The American I.'.achinist" for I.lay 6th. 1898 describes the Hardie
system of compressed air locomotives for the Manhattan Elevated R. R.
of New York.
i
The air at a pressure of 2000 pounds to the square inch is carried
In 36 Mannesman tubes, each nine inches in diameter and fifteen feet
six inches long. The total cubical contents is 246 cubic feet,which
at above pressure is equivalent to 33702 cu. ft. of free air.
The weight of the full charge of dry air will be over 2500 pounds.
The tubes are all so connected, the connsctionc being in the for-
ward end and easily accessible, as to form one continuous reservoir.
The air first passes from the reservoir to a pressure-reducing valve
which maintains a constant working presjmre of 150 pounds, which |
pressure ,within certain limits,may be varied under the control of
the engineer.
The air, after its expansion to this working pressure, passes !
:|
through a vertical tank of hot v/ater in the cab. This w-ater is heated
|
']
by steam, at each recharging of the air reservoirs , to about 350
j
degrees F. The air passes actually through the hot wi,t3i- md irj th'^i'"
by not only heated and expanded but takes up a volume of steam about
equal to one half its ovvn volume, the actual practical results of
the expansion of the air and mixture of steam with it bein?]; to
double the work done by the air.
Prom the heater the air goec a,b directly as poniibla to the engine
cylinders. These are 13.5 inches in diameter and 20 inches stroke,
being placed under the cab instead of in the usual place forward.
20.

This arrangement is dons to secure as short a run as possible from
the heater to ths cylinder.
As the cylinders on the stoam locomotives on this line arc only
12 inches diameter, the air locomotive V:'il^. have more pov/er, will
Btart the trains quicker from the stations, and will he able to
make better time.
Cassi:rs Magazine for June 96 contains the following on " Com-
presced Air for Street RaiBvays'*, by Whitfield Price Pressinger.
Up to this time an impartial and fair demonstration had not been
made of ths use of compressed air in street car service. In this
employment it can present no arbitrary clans for its adoption but
must compete on an equal footing with established methods, the
"basis for this comparison being cost of installation and operation.
When the inventer v;hc undertakes to de:^ign and construct a com.pressed
air stre-^t m.otor, is able to convince street railroad capitalists
by an actual demonstration th-^.t his system can be insta.lled and suc-
Oessfully operated at a reduced cost per. car run, then, and then
only will compresced air be used in service. The history of the
various compressed air motors v.'hich have been exploited from time
to time is a checkered one, but the fact that compressed air yet
lacks a thorou;~h demonstration, is due either to incompetent efforts
to
or to causes entirely foreign^and beyond the control of those
interested.
The first to be tried, in America at least, was the .Hard;ie notor,
v:hich was constructed at the Baldv;in Locomotive Works at Philadel-
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•phia and tested in New York city about
Subsequently the Judson system, taking its power from a continuous
compressed air conduit the entire length of the line^v.-as tested
and abandoned. Then the Atmospheric rrcpulcivon Co. built p.n experi-
ment car cr.C. prcgroGi.cd no fartbcr. Th3 ri^h^:. of th3 Hekarski
system, extensively used in Francs, are controlled in the United
States and cars have been run here, but it has not flourished as in
the land of its conception.
All these motors, with the exception of the Judson, were designed
upon the storage system being provided with cylindrical receivers
carried under the car bedy. These receivers were charged at a central
station with compressed air to a high pressure and the air was sup-
plied to the m.otor cylinder on the car, at the requisite workirg
pressure, by means of pressure reducing valves. Provision was made
for restoring the radiated heet energy to the air before it was
used and air brakes were employed.
On down grades no air was consumed and in fact, the motor
cylinders could be utilised as compressing pumps, to restore air
under pressure to the receiver v/henever the car was propelled by
gravity. The entire mechanism was controlled by the motorman from
his place on the front platform and required no higher grade of
j
ability than in managing a cable or trolley car.
|
In this employment of compressed air ^-.ov/er as in others, Conti-
nental Europe and particularly France, made the earliest demonstra-
tion 0^ any magnitude. In the- suburbs of Paris and at Nantes com- :e
pressed air tramv.'ays have been in operation for several years.
22.
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A report relative to the tramway near Paris states that the many
advantages of this system have been fully established by over tv/o
years experience and claims the following. The motor does not emit
smoke or hot gares and is almost noiseless. Any desired rate of
speed can be attained and may be varied at v/ill to suit conditions.
A special track or ovsrhe id appliance is unnessary. Being very light
it can be easily handled on steep grades. Simple in form it does
not frighten horses; the machinery on the front platform is almost
invisible from the outside. One person only is rcquir'^d to manage
the machinery and he need not necessarily be a skilled engineer.
The principle of the system is very simple,* the storage reser-
voirs of the car are charged with compressed air at the supply
station to a pressure of 45 pounds and reduced and used at 5 to 10
pounds^ being at the same time heated to a high temperature and
charged v.^ith moisture in a heatin,:; vessel.
Another method tried in Paris ".'as the Popp-Oonti system. The
details of their invention vary from the other prominent methods
in that a lov^ air pressure is employed, the car r:;servoirs being
recharged automatically at intervals along the line.
The Journal of the Franklin Institute for July, August and
September of 1899 contains the follo'ving in regard to pneumatic
transportation and cuts of cars operated under different systems.
The systems arc, the Hughes and Lancaster System, the Jarvis System
and the Mekarski System at Toledo Ohio.
The cost of operating air cars based on seven month:.; operation

•"beginiiig August 3rci.. 18"6. The Inngth of track is 10354 fec-t or
4.11 milss on ".liich two eiir cars vrcrc su"bctituted fo:'- cabin cars
each making nineteen round trips or 79.09 miles psr car. The total
daily distance tra-'^ersed "being 157.32 miles. Each car runs from
12.5 to 16.67 miles on a sin;,le charge of air.
Actual average cost per car mile for entire period, seven
months, 125.16 miles per. day.
Goal f .0563
Water .0103
Oil and Waste .0013
Power Plant Labor .1261
Conductor and Ivlotorman .0603
Repairs, Car Equipment . 0033
Total $ .2586
Average present cost per car mile with one car service perform-
ed 79.09 miles per. day.
Coal i .0675
Water— .0113
Oil and Waste .0017
Power Plant Labor .0833
Conductor and Ivlotorman .0698
Repairs, Car Equipments .0038
Total * .2284
Average present cost per car mile with two car service 156.18
miles per. day.

Coal f .0433
Water .0103
Oil and V/aste — .0013
Power Plant Labor .0833
Conductor and Motarman ,0f>0^
Repairs, Car Equipment .0028
Total C .2013
If the proporti )n of labor actually utilised in this service is
considered, the expense would only amount to C •I'^Pl per. car mile
at present.
Present number of employes six beside motorman and conductor.
The cost of operating the same line, 4.11 miles, with electric
Cars was f .2991 having however only five employes.
The average consumption of free air per. car mile for the seven
months service was 477.7 cubic feet.
In a severe snow storm, the ca,rs performed schedule time carry-
ing twenty per cent, more passengers and using twenty-tv/o per cent
more power than the day previous. Comparing results with an elec-
tric road with thirty-three per. cent less service than the day
previous the load -^n the power plant was eighty per cent greater.
The air storage reservoirs on these cars have a capacity cf 51
cubic feet sufficient to run V:ie car 18 to 20 miles continuously.
The reservoirs consist of seamless steel flasks capc.ble of stand-
ing a pressure of double that used wit>iout reaching the elastic
, . . . .
the.re is
limit of the metal and^no possibility of leakage. Between the
flasks and the motor is placed a small tank containing 6 cubic feet

of water which is h&ated by passing st^-am through it v^hils- the. air
flasks are being charged. This tank is lagged with non-conducting
material so as to prevent Iosr of heat. Numerous experiments have
proved that the cars will run nearlj^ twice the distance with air
heated in this ^7ay as with cold air.
The air is exhausted so low as to cause no sound in exhausting.
The motor mechanism consists of two simple link-motion recipro-
cating engines having cylinders 7 inches in diameter and 14 inch
stroke vrith valve cutting off at l/lO to 1/6 and applying pov^er
"by connecting and parallel rods direct to the cranl' pine of the
drive wheel, which are 4 in number, 2,6 inches in diameter:, lun-
ning on a vfhQol base of 7.5 feot. Upon this foui' wheeled truck
rests the entire weight of the car and mechanism evenly distributed
upon eliptical springs.
The mechanico.l features of the motor are substantially the same
as steam locomotive minus boiler and fire-box and needr. no commeAi.
The car is simple in manipulation, perfectly noiseless, odorles^
and free from all offensive features which place it at the top
for a public conveyance.
In the repoTt of the Metropolitan Street Railway Co. Hevr York,
for the yj;:.r ending June 30th. 1900 the conparison of the relative
cost of operating Cable, electric and horse railroads is given.
It is thsre stated that the total operating expenses for 9812031
horse-car m.iles averaged 18.98 cents per. car-mile; .that 10610091
cable-car miles averaged 17.76 cents per. car-mile and that
26<,

-24?^8196 eloc trie-car niles averagc;d 13.16 cents per. car-mile.
These figures v.'ere made to include all expenses ac nearl3' as possi-
ble. The compresi ed air cars on the 28th». atiQ 29th. street lines
in New York have "been running about two months, and in that time
have run considert-hly less than lOOOOC miles. The maximum number
of cars being twen^^y.
Careful estimate, made to conform, as closely as possible to the
scope of the report previously quoted, establishes 17.42 cents per.
car-mile for the comprecsed air operation to date.
V/hen it ib considered that these twenty cars are bein>^ operated
from a central plant, which has a capacity for probably TOO cars
of the same individual power as that nov; used, the further estimate
made by the Comprrssed Air Co. showing that this cost can probably
be reduced to 13.57 cents is not unreasonable.
27,

THE NEW HARDIE AIR-MOTOR.
Recently introduced on 28th and 29th Street line, New York City, by the
Metropolitan Street Railway Company.
The above cut is of a 28 foot Compressed Air Motor Car Iiauling two trail
cars in Ctiicago.



Systems of Coraprecsed Air Installation,
In the Hardie System the cars have 55 cuhic foet of air storage,
air "being carrier! at 2500 pounds initial pressure in tv/o nests of
seven bottles each under the car and fvo long bottles within the
car, plac-d longitudinally under the scats.
The air is reduced to 150 pounds per. squai-c- inch before entering
the rehcater and passing thence to the cylinders. The reservoirs
within the cars are conc-^aled and take up no passenger space.
Cars run one or two round trips without recharging, depending
on the weight of traffic, weather conditions, and skill and judge-
ment of the notorman.
On each platform are placed the operating devic::.^, consisting of
reversing levers^ , throttle lever, air brake lever and the valve .for
shutting off air storage, 'k hand brake is also supplied for
emergency.
The car seats thirty persons. The weight of the motor truck is
11000 pounds and total weight of car in working order 19000 pounds.
The driving wheels ?fi inches in diameter, are journaled in rsgulai*
•locomotive style and have th' usual driving box spring suspension.
The relative positions of air reservoirs and rchcaters arc shown
in cuts. V/Tien the air leav-s the high pressure reservoir it passes
I
through the pipe leading to the controller " stands" on the plat-
forms where it is controlled by v/hat is called the platform, valve.
Prom. thir. point it passes to the reducing valvo, vrhich establishes
the initial cylinder pressure of 150 pounds previously referred to,
then from the reducing valve into ^;he reheater before being receiv-
20.

ed into the cylinriDrs.
The reducing vc.Ivg is a diaphraTD valve, specially constnicted to
deal with high pressures and , in addition to t'.e ordinary action
of such Valves, a supplinentary action is brought about by reducing
the air pressure that is normally kept in tlie chainber above thw valve
head. V/hen it is desired to quickly accelerate under heavy load, a
movement of the "brake valve handle to a giv^n position discharges
the air from the chamber above valve head and thus increasing the
value of the coil spring beneath the diaphram, opens the reducing
Valve in greater measure and temporarily increases the v:orking press-
ure to 200 pounds while it is desirable to use that pressure in the
cylinders.
The initial temperature of the fresh-charged water in the reheater
is about 300 degrees F.
In this connection it may be said a car runs tv^ice as far by heat-
ing the air as when the same amount of air was us-:d cold.
The l^.tGot development of the Hardie improved cut-off valve gear
is sho^vn in side and end elevation. A supplimentary cut-off arrange-
ment is used. The motion of the cut-cff valve is obtained through a
floating system of levers moved by the cross head and link jointly.
The m.otion is primarilly a Stephenson link gear to operate the main
valve.
The great advantage of having independent motors is generally
recognized.
The imprac tability of using steam as a motive force for street
cars is likewise conceded. The choice, therefore, narrows in the
31.

\present state of the art, to that of very heavy anr' cxpenL-ivc elect-
ric storage battery cars or compressed air motors, when independent
units are considered. It is not inconceivable or even unlikely that
th?re are in New Yorl^, and in many other cities of consequence,
cross town streets v.'here the interest on the first cost of placing
an underground electric or a cable system in the maze of pipes and
conduits there holding a prior claim v/ould continuously exceed the
actual cost of operating e comprecsed air system of traction, when
large plant units are considered.
It is a noticeable feature of the oper .tion of the cars novr run-
ning on 28th. and 29th. streets that the noise of exhaust that was
objectionable in the v;orkin£, of the Hoadley-Knight motors is practiC'
ally eliminated.
The cars both in acceleration under heavy load and when running
at speed, are probably the least noisy of all cars operating on
street railroads unless the cable car be excepted. At first thought
it would seem that in exhausting air from an initial cylinder press-
ure of 150 pounds per. square inch there would be a pronounced
Bound from the cylinders as in the case of the 1-^comotive.
It is apparent, however, that in r^ealing v/ith a permanent ga^
such as air, where the expansion may be carried to the lim.it v/ithout
loss by condensation, and where the exhaust is practically limitless
in area because no fire is to be forced, the noise of the exhaust
may be reduced in proportion to the expansion of air and freedom
of exhaust, and becom.es, as in this instance practically nothing.
This system differs from the Hoadley-Knight system in the
32.

posit i:n of the en^^inos only.
In the Hoadlcy-Knight system tho engines v:ere betwes^n the rails
and pov/er transmitted to the wheels "by crank shafts.

FIG. 2 ELEVATION OF CAR, SHOWING DETAILS OF EQUIPMENT.

The London Engineering Vol. 47, pages 16*^, 6:?8, 6?^5, 715 and Vol.
51 pages' 327 and 419 and Vol. 58, page 312 describes the Popp system
of compressed air in Paris. The first application of compre:.sed air
Was to run clocks, using small cylinders with a piston. The cylinder
is connected by tubes to the main air pipe. The impulse is given to
the air in t^e mains every minute and in turn transmitted to ea,ch
clock when the minute hand moves forv/ard one space.
The plant was soon extended so as to furnish power for all sorts
of purposes, ranging from the com.parat ively slight energy required
for v.'orking a sewing machine, to the force necessary for driving !
printing machinery, electric light installations, elevators, etc.
To heat the air it is passed through a heating chamber where it
is subjected to the action of a gas jet, and is also saturated by
a spray of vrater which, it is claimed, nearly doubles the efficiency
and prevents the formation of ice at the exhaust? a special type of
engine, however, furnished with independent admission and exhaust
valves, is being introduced to avoid the use of the heatin^; device. >
The heaters used by Mr. Popp were small cast iron stoves l^ned
with fire clay heated by a g-.s jet or by a small coke fire.
Some results of experiments on heating are given. They were ob- l
tained from trials by Prof. Gutermuth. From these trials it was
found that more than 70 per cent of the heat in the fuel v.-as ab-
sorbed by the air and transformed into useful v/ork.

Elfficlency of Air Heating Stoves.
Nature of Heating
stove. surface.
sq. ft.
Cast iron
$ox stoves.
14
14
Air Temperature of Heat absorbed per. hr.
heated air in oven. Total. Per. sq. Per. lb.
per.hr. Admiss- Exhaust. ft. IVnat- ' coke,
cu. ft. ion.
-I Vn-^: "i-"-
facc
20342 7 107 17900 1278 2032
Wrt. iron 46.3
coiled tubes.
11054
38428
7
50
184
175
17200
39200
1228 2053
830 2545
Table of Tests on Small Crank Steam Engines.
Engine used. R. F. M. B. H. P. Temp, of air. Air consumptioid
Admiss^ Exhau'st. per* B. H. P. hr
ion.
Cent. Cent.
in cu. ft.
Cold. Heated.
a H. P. Tayne. 242 3.77 25 -37 1186
2 H. P. 229 3.56 150 960
2 H. P. Journeaux. 169 2.10 10 1204
2 H. P. If 148 2.27 150 695
1 H. P. ft 283 1.035 150 34 845
1 H. P. Boulet. 149 1.10 165 18 815
The system employed in the propulsion of cars is the "Conti".
The air is compressed to a relatively high pressure at a central
station. It is then admitted to the main placed beneath the rails.
Branches lead the air nearly to the surface into automatic de-
Vices by which the car reservoirs can be charged at intervals along
the line.
36.

Value of Reheating Compressed Air Before Using as a Motive Power.
Compreesed Air of October 1S09 contains the follovang report on
trials made at Magog, Q.uehec to test the econor.y effected by pre-
heating compressed air by Prof. J. T. Nicolson.
These trials v/ere made during the month of April 1899 at the
Dominion Cotton Mills; Magog, Canada, where there is installed a
150 horse-power hydraulic air compressing plant on the system devisee.
l)y C.H.Taylor of Montreal.
The trials were conducted under the auspices of Mr. Insleo, the
Taylor Hydraulic Air Compressing Co.^ and the Dominion Cotton Mill
Co. jointly^ assisted by Prof. R. J. Burley of McGill University. '
Experiments -'ere made on five different methods of using compress-f
ed air in an ordinary steam engine of the Corliss type.
First. The air v;as supplied to the engine cold.
Second. Steam was injected into the air in the main pipe before
supplying it to the engine.
Third. The air was injected into the v;ater in a steam boiler and
heated by mixing with the water and steam of the boiler before
being supplied to the boiler.
Fourth. The air v>ras blovm upon the surface of the water in a steam
t)oiler and heated by mixing with steam in same before being made
to drive the engine.
Fifth. The air v/as passed through a tubular heating vessel and 1
heated by a coke firej afterward being used to work the engine.
For all the experiments the air v;as dra\vn at a pressure of 53 lbs.
from, the five inch main air pipe of the Tayjor Air Compressor, which
9iqBIMS ©til Wft'Tir
'
supplies power to the mill, and was piped to a 12x30 Corliss engine
supplied for the purpose of the trial by the Laurie Engine Co. of
Montreal,
A friction "brake was fitted on the fly-wheel of this engine and
the engine in this way was worked up to its full power at about 75
R. P.M.
Connection was made to a Lancashire boiler seven feet in diameter
by thirty feet long when it v/as dssired to mix steam with the air
for purposes of preheating.
When dry heating was resorted to^ the air pipe was led through
a heater on its v/ay to the engine, having been previously blanked
off from the st^am boiler. This hetiter was designed b^' ^Icolgo;!
and built by Llessers The Laurie Engine Co. for these experiments,
but as it was designed of such size as to heat the whole of the
compressed air used in the mill, it was considerably larger than
Was required to heat the greatest quantity or air which could be
used by the Corliss engine employed on the test.
Observations taken in the test without preheating were-
First. The temperature of air before entering engine.
Second. Temperature of air on leaving engine.
Third. The pressure of the entering air, indicator cards from each
end of cylinder, revolutions and brake load.
The following are the results taken April 27th. 189*^ with cold
air. Entering air 66.5 degrees F. , exhaust air -41 degrees F. , R. P. M.
74.6 with cut-off about 1/3 stroke. The 1. H. P. was 27 and air used
per hour 1671 lbs. or about 841 cu. ft. free air at 60. degrees P
38.
lt©?*A "A
per. I. H. ?. hr.
On another trial made under the same conditions 850 cu. ft. of
free air was used per. I. H. P. hr.
In experiments made with dry heating the following observations
were made:-
Temperature of the air before entering the heater; after passing
up first rov; of tubes; upon leaving heater; and before entering
engine. Also temperature of furnace and flue gases.
Cards were taken, also revolutions and brake horse pov/er.
With air entering heater at a pressure of 5?. 5 pounds gauge and
58.2 degrees F. it was raised to Jd25 degrees P. after passing first
row of tubes and to 36? degrees F. upon leaving the heater, but
owing to lack of covering on pipe it fell to 287 degrees F. "before
entering engine where the pressure was 52.8 pounds gauge.
With these conditions and same cut off as in trial IIo. 1 with
cold air the I. H. P. being 26.7 and revolutions 70 per. min. , 1310
pounds of air per. hour v.'as used which gives a consumption of 640
cu. ft. of free air per I. H. P. hr. a reduction of 210 cu. ft. of
free air per. I. H. ?. hr. due to preheating, or a saving of 24.7 per*
cent is effected in the quantity of air used.
Tests v;ere also made to determine t'^e economy by heating the air
by mixing it with steam from a boiler before allov:ing it to do work
in the engine.
By mixing from 10 to 13 pounds of steam per horse power with the
air the quantity of air v^as reduced from 850 cu. ft. to 300 to 500
cu. ft. per 1. H. P. hr.
39,
f>«rrnrt
This method of prehe:ating is not so economical as dry heating
nor is it suitable for powers less than 50 horse-power unless v/aste
steam is available.
40,

SERGEANT AIR REHEATER.
The accompanying cut represents the Sergeant Air Reheater in its simplest
and most efficient form, the heater proper being made of two cast-iron shells,
bolted together, having no tubes of any description to burn out or leak.
The heater is made in one size f)nly, the extreme dimensions being 42 inches
diameter by 54 inches high, the grate being 19 inches diameter.
From tests made with this heater it has been found capable of heating 340
cubic feet of free air per minute at 40 lbs. pressure to 360' F.
,
giving a gain of
35 per cent, in the measured amount of work done by the air after passing
through the heater, compared with the same volume of air when used cold.
A heater of this size will heat less air to a higher temperature, or more air to
a lower temperature, than stated above; but, if it should be required to heat
more than 400 cubic feet of free air per minute, to get the best economy, it is
advisable to use the heaters in series, allowing about 400 cubic feet of free air
per minute for each heater. The heater should be placed as near as possible to
the point where the air is to be used, and the outlet pipe should be as short as
possible and well covered, so that the air will retain its heat. Weight, 2.300 lbs.
61
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Test of an Ingersoll Sargent, Class E, Air Compressor.
Th^ object of this test was to determine the horse-power required
to run the compressor and the efficiency of the compr<?ssor when com-
pressing to different pressures.
To accomplish this purpose the compressor was run against press-
ures varying ten pounds at intervals of twenty-five minutes, during
which time the pressure against the compressor was kept constant by
means of a hand governed valve.
The revolutions of the compressor and engine were taken at inter-
vals of five minutes and cards were taken from the engine and comp-
res s or simultaneously.
Prom this data the indicated horse-power of the two machines was
calculated by the fillowing formula PLAN
_
I. H. P. in which P = mean
33000
pressure of card, L = length of stroke in foot, A = effective area
of piston and N = number of revolutions per minute.
The I. H. P. was calculated for head and crank ends separately.
The constants for the 10x10 air compressor are, for head end
L.A. ,. 001933 and for crank end L. A.
_
. 001925.
53000 33000
The constants for the 10x10 Ide engine used are for head end
^
L. A._ . 001983 and for crank end L. A.
_
. 001913.
33000 33000
Now,having the I. H. P. of both engine and compressor, the mechanical
efficiency was found by dividing the I. H. P. of the compressor by the
I. H. F. of thG engine.
The flow of cooling water through the water jacket- of the compressor-
was kept constant and measured by means of a meter and found to be
o neloi rio -m'J bnm i o oifi flu*!
nl^ns bus 'xo:j8e«sq0oo etl$ fuloyan
m :;fn = ' r^oi. fteiisIiiOX/O
•sijiT iffol^ixl^ " .^dnun » II brui noialq *!.
:.9<zqflioo nlm OIxO< difi lol filituianco exfT
hoBjj or
r
61.35 cubic feet per hour.
In order to shov; conditions under which test v/as run a therm oip.eter
was inserted in the pipe leading from the compressor to tank and
temperature noted at intervals of five minutes as was the temperature
of the room and outside air and steam pressure.
The follov:in'; sheets contain the tabulated results and the orig-
inal data shov/ing conditions under which test v/as run; also character-
istic cards from the engine and compressor.
The following photographs shov/ the system of belting used, air
receivers and reducing motions used.

No. Time. Engine . Corap.
R. P. M. . . R. P. I.'
Steam Air Temperatures
Pressure. Press. Exhaust. Out- Room.
side.
1.
2.
rr
<-> •
4.
5.
6.
7.
8.
9.
10,
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
8:00
8J05
8:10
8:15
8:20
8:25
8:30
8:35
8:40
8:45
8:50
8:55
9:00
9:05
9:10
9:15
9:20
9:25
9,!30
9:35
9:40
9:45
9:50
9:55
301
297
299
300
300
298
297
300
300
300
300
298
302
300
300
298
299
299
299
299
299
299
299
300
151
150
1^1
152
152
151
150
152
151
151
151
150
152
151
151
150
150
150
150
150
151
150
151
151
110
111
108
107
104
104
105
105
106
104
104
105
107
108
108
106
105
108
113
lu5
103
108
106
106
10
10
10
10
lu
20
20
20
20
30
30
30
30
30
40
40
40
40
80
80
80
80
80
140
141
142
140
139
170
174
175
176
17-r-
199
203
204
205
204
231
ki32
233
233
45 76
45 76
45 76
45 77
45
45
45
45
45
45
78
77
45 77
45 78
45 78
45 77
45 7S
45 78
78
78
78
78
78
45 78
45 78
45 73
45 78
45 78
45 78
45 77
44.
rI
No. Time. Engine
R. P.M.
Comp.
R.P.I
Steam
.1. Pressure.
Air
Prsss.
Tempe
Exhaust.
ratures.
Out- Room
side.
25. 10:00 299 151 107 40 233 45 78
26. 10:05 299 150 106 50 252 45 77
27. 10:10 299 151 106 50 253 45 77
28. 10:15 299 150 108 50 253 45 73
29. 10:20 299 151 105 50 253 45 78
30. 10:25 299 151 103 50 254 45 77
31. 10:30 299 151 108 60 263 45 78
32, 10:35 300 151 107 60 270 45 78
33. 10:40 299 151 109 60 270 45 73
34. 10:45 299 150 109 60 271 45 78
35. 10:50 299 150 108 60 272 45 78
36. 10:55 299 150 108 70 27 9 45 78
37. 11:00 301 151 109 70 282 45 78
38. 11:05 299 150 108 70 282 45 78
39. 11:10 299 151 108 70 282 45 78
40. 11:15 298 150 108 70 282 45 78
41. 11:20 298 150 108 80 286 45 78
42. 11:25 298 150 108 30 287 45 78
43. 11:30 298 150 103 80 288 45 78
44. 11:35 299 150 109 80 289 45 78
45. 11:40 293 150 105 80 290 45 78
46. 11:45 298 150 108 90 2 97 45 78
47. 11:50 298 151 108 90 297 45 78
48. 11:55 298 150 103 90 297 45 78

i;o. iime Engine. oomp. Steam Air Temperatures.
K. P. M. R. P.M. Pressure. Press. Exhaust. Out Room.
side.
49. 12:00 298 151 10'" 90 293 42 78.
50. 12:05 298 150 103 90 298 42 78
51. 12:10 299 150 100 100 310 42 78
52. 12:15 299 150 100 100 311 41 79
53. 12:20 299 151 100 100 311 41 78
54. 12:25 298 150 103 100 312 41 73
55.
.
12:30 298 150 101 100 312
.
41 78

NO. Time. Engine Comp Mech. Average Air Press
I .H. P. Eff. Mech. Eff. lbs. per
.1 . H. P. nf sq. in.
" 1. y • u u 8.36
n o • ni?o . UO 7. 82
o«
o * 1 f\ 7.63
Q • T r> 3.71
5. o * or\o . <dU 7.79
eO • • o • c o 1 o . 1 ^ 7 . 04 53.3 10
r • 8 * 6. 90 47. 6 10
O • ' o T "7 "71 O « / O 7.15 51. 9 10
,9 •4-0 T "7 r> oi O . / o 7. 12 51. 6 10
1 o O . i<J 7,12 49. 3 10
id. no 10. 02 53i5 20
x<;* 17 1
1
10. 50 61.3 20
xo« o • no i 6 . 14 10. 11 62. 9 57 .7 20
Xv« Q • OR 1 O 1 A13 . 14 10. 00 55.1 20
XD* Q • 1 17.89 10.02 56.0 kJO
XO • ^ • X o TO n1 y . o 12.40 63. 9 30
X A • 9 • 20 19.55 12.27 62.7 30
xo • 9:25 TO in 12.25 64.1 62.
2
30
X y • 9 : "^0 <;U . o4 12; 32 59.6 30
Q •
^ • oo TO on19. 98 12:20 61.0 30
<&x • 9 :40 14. 31 69.2 AO
•
o A r> o 14. 04 66.8 40
23. 9 ; 50 C0.C4 14.4 9 71.5 68.8 40
^4. 9:55 20.61 14.45 70.1 40
47.

MB Tine. Engine Compressor Mech. Average Air Press.
I.H. P. I.H.P. Sff. Mech. Eff. lbs. per.
sq. m.
25. 10:00 r»0.^- 14.14 ^7.5 '40
26. 10:05 21.64 13.74 6''.4 50
27. 10:10 23;24 IE. 17 65.2 50
28. 10:15 22.50 15.95 70.9 C7.0 50
29. 10:20 21.63 15.01 60.2 50
30. 10:25 22.32 15.17 66.4 50
31. 10:30 22,"^5 15.33 69.3 60
32. 10:35 22.28 1'=^.77 7 5.2 60
33. 10:40 23.-. 52 16.24 69.0 70.1 60
34. 10:45 22»")4 15.77 «9.9 60
35. 10:50 2t?.:l?" 15.73 6^.8 60
36. 10:55 2^6*? 17.99 67.1 70
37. 11:00 24.7*7 15. A? 63.3 70
38. 11:05 25.-5''7 16.12 63.0 66.3 70
39. 11:10 26»03 1^.14 65.7 70
40. 11:15 23.76 17.12 72.0 70
41. 11:20 25.99 17.35 66.7 80
42. 11:25 23.41 18.23 77.8 80
43. 11:''0 23.37 17.53 75.0 75.4 30
44. 11:35 26.92 18. "9 63.3 80
45. 11:40 26.76 13.53 69.4 30
46. 11:45 23.70 20.17 70.3 90
47. 11:50 27. -^5 20.31 74.2 90
48. 11:55 26.31 18.80 71.4 70.2 90
48.

No. Time Engine
I. H. P.
Compressor
I. H. P.
Mfech.
r.
Average
lu^ch. Jiff'*,
'Air Press.
iT^js. per
sq. in.
4<^. 12:00 27.35 18.35 67.1 90
50. 12:05 27,54 1^.'77 6R.1 90
51. 12:10 2?. 53 21 . 22 100
52. 12:15 2 ? . 52 20. 5rj 69.5 100
5?. 12:20 29. ^5 21 . 22 '72. 3 100
64, 12:25 29. "^0 21. P6 '73.6 100
55. 30. ^1 21
. 50 100
After test num'ber., was completed tTie clearance was found unequal
as shown by the cards. This was adjusted hy lengthening the piston
rod until correct position was obtained as shown by testing with
indicator.
Test number two was then run with the following results.
iV/.,JJ\'> '
10.2-00-231-0
BOILER PRES. ...<!'.<?SS...
R. P. M ^.9.9.
SCALE 6..<2.
5 /.^n/^.^y
UNIVERSITY OF ILLINOIS
MECHANICAL ENGINEERING LABORATORY CARD NO. ...^(3..
END
cylinderZ^.A/^.
50.



No. Time. Engine womp.
R. P. M. H. r . i\
1.
2.
3.
4.
5.
7.
9.
10.
11.
12.
17.
14.
15.
16.
17.
18.
19.
20.
8:20
8:25
8:?o
9:T5
8:40
8:45
9:50
8. 8:55
9:00
9:05
9:10
9:15
9:20
9:25
9:30
9:35
9:40
9:45
9:50
9:55
21. 10:00
22. 10:05
23. 10:10
?-4. 10:15
302
299
301
301
301
301
299
301
299
299
301
299
301
298
299
r98
299
298
298
299
298
299
2<^9
153
151
152
152
144
151
152
150
151
152
151
150
152
151
150
151
150
151
150
151
150
150
150
150
Steam
Press.
Ill
109
109
108
109
110
110
110
110
111
110
110
110
110
110
110
107
105
110
109
110
110
107'
109
Air Temperatures.
Presp. Exhaus trOTit Room. Exhausi
Air. side. v/ater.
10
10
10
10
10
20
20
20
20
20
•^0
30
30
30
30
40
40
40
40
^0
8fi
87
8F
84
141
14fi
144
143
142
172
178
17^
180
180
200
204
20^^
20^
210
221
224
2^5
2^(;
26
26
26
26
26
26
26
27
27
27
27
27
27
27
28
28
28
"8
28
28
28
23
28
72
72
72
72.
72
72
72
7P
?2
72
72
73
74
74
74
74
74
74
74
75
75
75
75
56
56
55
55
55
55
55
56
5«
56
56
56
56
56
56
56
57
57
57
57
57
57
57
II
I
=11
No. Time. Engine uomp. bteam Air Temperatures.
R.P. M. K.r.m. rress. Press. Exhaust Out Room. Exhaust
Air. side. v;ater.
30.
31.
25.. lOlPO
26. 10:25
87. 10:30
29. 10:35
29. 10:40
10:45
10:50
32. 10:55
33. 11:00
34. 11:05
^5. 11:10
36. 11:15
37. 11:20
39. 11:25
39. 11:30
40. 11:35
41. 11:40
11:45
11:50
11:55
12:00
12:05
12:10
42
43
44
45
46
47
48. 12:15
298
297
297
298
299
300
301
298
298
298
297
29n
299
297
30'^
299
297
297
298
ii96
298
297
297
150
149
150
150
150
149
151
151
150
150
150
149
150
151
149
151
15^
149
149
151
149
150
149
149
109
108
110
102
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
107
40
50
50
50
50
50
60
60
60
60
60
70
70
70
70
7 ^
90
80
80
80
60
90
90
90
227
244
*^49
250
252
252
262
267
ii67
270
270
275
278
290
290
390
23f
288
290
290
292
302
304
304
28
98
2«
28
29
^^8
28
28
29
28
29
29
29
29
29
29
29
29
29
29
29
29
29
75
76
76
7fi
jr.
76
76
76
76
76
76
77
77
77
79
79
79
79
79
79
79
79
78
78
57
53
58
59
58
58
58
58
59
59
59
59
59
59-
60
60
60
60
61
61
61
62
61
61
05 '^11
Off
on
n-
No, Time. Engine Comp, Steam Air Temperatures.
R. P. I'A. R. P. M. Press. Press, Exhaust Out Room. ExKaust
Air. side. water.
49. 12:20 297 149 107 90 303 29 78 61
50. 12:25 297 149 108 - 90 304 30 78 61
51. 12.*30 297 150 109 100 305 30 78 61
52. 1-^:75 297 149 107 100 308 30 78 61
53. 12U0 299 151 107 100 310 30 78 62
54. 12:45 297 149 108 100 311 30 78 61
55. 12:50 298 150 108 100 312 30 78 61
54.
05
vol
ror
90 r
No. Time. Engine Compress. Mech. Average Air Press.
I.H. P. I. H. P. Eff.;^. Mech. Eff. lbs. per.
sq. in.
1. 8:20 10.2
2. 8:25 8.4
3. 8:30 9.3
4. 8:35 9.4
5. 8140 9.9
6. 8:45 16.1 6.71 41.6 10
7. 8:50 16.2 6.61 40.8 10
3. 8:55 15.6 6.65 42.6 42.9 10
9. 9:00 14.9 6.75 45.3 10.
10. 9:05 15.4 8.87 44.6 10
11. 9:10 17.2 9.01 52.3 20
12. 9:15 17.2 8.87 51.5 PBO
13. 9:20 17.6 8.88 50.4 51.9 20
14. 9':-25 16. Q 9.42 55.7 20
15. 9:30 17.4 8.68 50.0 . 20
16. 9:35 18.6 10.82 58.2 SO
17. 9:40 19.6 10.97 54.3 30
13. 9:45 18.9 10.82 57.1 55.8 30
19. 9:50 19.4 10.82 55.4 30
20. 9.55 19.3 10.74 55.7 30
21. 10:00 21.4 12.27 57.3 40
22. 10:05 20.3 12.15 59.8 40
^3. lOjlO 20.8 12.55 60.3 59.0 40
24, 10115 20.3 12.30 . 60.6 40
90:
•No. Time. -Engine 'Compre
I. H. P. I. H. P.
OKaOm 10 S <iU <dX T O OQXo. <io
OA 101 <c5 Xo. /o
lU • oU 1 AAX . ^t'i
•1 O • rrclU • OO <cO . o X O . P~t
1 r\» AO OT QcX . o 1 "70XO . / <c
ou . 1 n At^xu . 'to ci<c . O 1 A HAX^ •
ox* xu < ou • O 1 A AOXt: . Do
lU • OO OA c 1 A A AX^ • ftO
O*^ O X** • O
o4* XX « UO O*^ Q<co . y 1 A AO
o9* 115 XU o*^ oCO . /C 1 A QOX^. OtS
OO* XX « XO OA G 1 "7 A KX / .
o7* XX ; <cu OA O X / . 1 /
98* XX ; <;o OK /I 1 "7 oc;X / • <dO
09* X X ; ou <£;o . y XO. / O
A XX . OO cO • X Xd. ox
T 1 .AHXX i'iU OK O<co . y 1 17 OO
A.O%2s* X i »^to OH" ft 1 A KOX D . 0<c
%o* X X « ou OA A 1 "7 AA
44* 11:55 25.8 17.90
45* 12:00 25.7 16.17
46* 12:05 27.9 18.32
47. 12.10 27.8 18.16
12:15 28.8 17.35
s. "Mech. Average Air Press.
Eff.^ Mech.Eff. .'^ lbs. per.
sq. in.
57 . 3 40
58.3 ' 50
59.2 50
58.5 60.3 50
62.9 50
62.9 50
61.0 60
59.0 60
64.1 61.8 60
61.3 60
63.8 60
70.0 70
70.9 70
67.9 68.7 70
70.0 70
65.0 70
66.4 80
59.8 80
66.0 63.7 80
69.4 80
62.9 80
65. 90
65.3 90
60.2 • 63.7 SO
'.niT •ofl
. •
8Ct' r
oi:
8 .53
08:
89tli
80t
No, -Time. .Engine Compress. Mech. Average Air Press.
I. H. P. I.H. P. *Eff.
'f. Mech. Erf. lbs. per.
sq. in.
49. .12:20 .27.7 17.96 64.8 90
50. 12:25 26.9 16. 6 90
51. 12:30 27.3 19.30 70.7 100
52. 12:35 27.8 19.10 68.7 100
53. 12:40 27.3 18.50 67.8 68.1 100
54. 12:45 27.1 .20.00 73.8 100
55. 12:50 30.3 18.13 59.8 100
In test numljer tv;o the head end card was found to be defective so
the exhaust valves were examined and the regulating "by-pass was
Closed and test numbor three was conducted with satisfactory
results.
57
pr
n.ca 03: ,5
58.



•No, • Time. • Engine -Comp. Air Steam Temperatures.
R. P.I.I. R. P. M. Press. Press.- Exhaust Out. Room. Exhaust
Air. ^ide. water.
1. 8:00
2. 8:05
13.
14,
15.
16.
17.
18.
19.
8:10
8:15
8:20
8:25
7. 8:30
8. 8:35
9. 8:40
10. 8:45
11. 8:50
12. 8:55
9:00
9:05
9:10
9:15
9:20
9:25
9:30
20. 9:35
21. 9:40
22. 9:45
23. 9:50
24. 9:55
300
299
300
300
300
298
300
300
301
301
700
300
300
300
300
299
299
299
298
299
299
299
298
298
152
152
152
152
153
151
153
153
153
152
152
152
151
151
152
151
151
151
150
151
150
151
150
151
10
10
10
10
10
20
20
40
20
20
30
30
30
30
30
40
40
40
40
110
108
106
108
106
105
107
110
108
110
108
105
105
108
110
110
114
113
110
107
110
110
110
110
90
88
87
85
138
140
142
140
140
140
172
178
179
180
180
198
202
204
P04
204
218
220
220
224
39
39
39
39
39
38
38
37
36
36
36'
36
35
35
.35
35
35
34
34
34
34
34
34
33
78
77
77
77
77
78
78
79 55
79 55
79
79
79
80
80
80
80
80
80
80
80
80
80
80
80
55
55
55
55
55
55
55
55
55
55
55
55
55
55
56
56
56
56
56
56
56
57
60.
or*
r^j .crj
-g£ r^" or,
51 ^ ^-^t
•^-^f n'""' ^'f
rax ^" """t
- r
-
rr^
:
No.
25.
26.
27.
28,
29.
50.
31.
3<:.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
Time. Engine .Compress. Air Steam Temperatures.
R. P. M. R. P. M. Press. Press. Exhaust Out Room. Exhaus
Air. side. water
10:00 298
10:05 298
10:10
10:15
10:30
10:35
10:40
10:45
10:50
10:55
11:10
11:15
11:20
11:25
11:40
11145
11:50
11:55
299
299
10:20 299
10:25 299
298
298
298
298
299
299
11:00 298
11:05 299
298
298
298
298
11:30 298
11:35 298
298
299
299
299
150
150
150
150
151
151
150
150
149
150
150
150
149
149
149
149
150
150
150
150
150
150
150
150
40
50
50
50
50
50
60
60
60
60
60
70
70
70
70
70
80
80
80
80
80
90
90
90
110
107
112
112
113
112
114
112
1^2
114
115
115
111
110
108
105
105
113
114
112
113
113
112
112
224
242
245
248
249
250
267
270
270
272
272
280
282
284
284
284
288
292
293
293
294
298
300
302
33
32
32
32
32
32
32
32
32
32
32
32
31
31
30
30
30
30
30
30
30
29
29
81
81
31
81
81
81
81
82
82
82
82
82
83
83
83
83
83
83
83
83
83
83
57
57
57
57
57
57
57
58
58
58
58
58
58
58
58
58
58
59
59
59
59
59
59
60
05!
0"
05
No. Time. Engine
R. P. M.
CompresG.
R. P. M.
Air
Press,
steam
Press.
Temperatures.
Exhaust Out Room.
Air. side.
Exhau
wateTi
49. 12:00 299 150 90 110 302 28 8" 60
50. 12:05 299 150 90 110 304 28 83 60
51. 12110 299 151 100 114 310 28 83 60
5S. 12:15 299 150 100 113 312 28 83 60
53. 12:20 299 150 IOC 114 314 28 83 60
54. 12:25 299 150 100 114 314 28 8? 60
55. 12:30 299 150 100 112 314 28 83 60
>t I"! ^^'^ ortT'' .re
'^or rni np*} artsr .•^
or ont <*<y^ bst?
No. Time. Engine CoTnpress. Mech. Average Air Press.
1,H. P. I.H. P. Eff. .'^ Mech.Eff. f lbs. j^er,
sq, in.
1. 8:00 7.10
2. 8:05 7.44
3. 8:10 6.69
4. 8:15 7.68
5. 8:20 7.74
6. 8:25 12.25 6.66 54.4 10
7. 8:30 10.81 6.75 62.5 10
8. 8:35 12.48 6.56 52.5 56.38 10
9. 8:40 12.23 6.89 56.3 10
10. 8:45 11.63 6.54 56.2 10
11. 8:50 16.34 9.72 59.4 20
12. 8:55 15.32 9.51 62.1 20
13. 9:00 14.53 9.56 65.8 61.54 20
14. 9:05 15.44 9.55 61.9 20
15. 9:10 16.21 9.64 59.5 . 20
16. 9:15 18.87 11.54 61.2 30
17. 9:20 19.13 11.69 61.2 30
18. 9;25 18.63 11.78 63.2 63.2 30
19. 9:30 18.01 11.69 64.9 30
20. 9:35 17.44 11.61 65.5 30
21. 9:40 20.80 15.38 64.4 40
22. 9:45 20.66 12.94 62.7 40
23. 9:50 20.46 13.44 65.7 65.2 '40
24. 9:55 20.73 13.75 66.4 40
.3miT
^ r
Of
No. Time. Engine Coinpress, Hech. Average Air Press,
I.H. P. I.H. P. Eff. Mech. Eff. ft lbs. per.
sq. in.
25. 10:00 20.46 13.66 66.8 40
26. 10:05 21.77 14.90 68.5 BO
27. 10:10 21.7° 14,16 65.1 50
28. 10:15 21.94 15.23 69.4 68.5 50
29. 10:20 21.94 15.20 69.2 50
30. 10:25 21.70 15.25 70.3 50
31. 10:30 23.17 17.18 74.1 60
32. 10:35 23.80 17.3*? 72.8 60
33. 10:40 23.13 17. i:- 74.0 72.4 60
34. 10:45 24.79 16.99 68.6 60
35. 10:50 23.62 17.13 72.5 60
36. 10:55 26.20 18.25 69.7 70
37. 11:00 24.68 18.14 73.5 70
38. 11:05 26.45 18.02 68.2 71.48 70
39. 11:10 25.63 18.02 70.3 . 70
40. 11:15 23.93 19.19 76.0 70
41. 11:20 26.11 19.28 73.8 80
42. 11:25 26.49 19.30 72.8 80
43. 11:30 27.13 19.22 70.8 72.74 80
44. 11135 25.77 19.22 74.6 80
45. 11:40 27.01 19.37 71.7 80
46. 11:45 26.43 20.7-^ 78.5 90
47. 11:50 27.44 20.58 75.0 90
48. 11:55 27.48 20.47 74.5 76.04 90
64.

No. Time. Engine Compress. Mech. Average Air Press.
I.H. P. I.H. P. Eff.f. Mech.Eff. ,^ lbs. per.
sq, in*.
49* 12:00 26.25 20.41 77.8 00
50. 12 :05 27. 57 20.48 74.4 90
61« 12.10 28.45 21.85 76.8 100
58. 12:15 28.61 21.20 74.1 100
85. 12.20 28.2? 21.11 74.8 76.1 100
54. 12;25 27.08 21.28 78.6 100
8S« 12.30 27.84 21.23 76.2 100
.r5
10-2-00-2M-O
BOIIER PBES /./..O. ..
n. p. M. .^..S>.S>......
SCALE £..<3...'..
UNIVERSITY OF ILLINOIS
MECHANICAL ENGINEERING LABORATORY
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Efficiency Test of Ingersoll-Sargent Duplex Compound Air Compresso|?
Class H, P. and E. shops jUrbana Illinois.
The ohject of this tost v;as to determine tlie amount of power
necessary to run the machine and also the efficiency with which the
air compression was effected. The test ^'.'as run while the machine ^vas
working under ordinary conditions. The machine supplies air for the
entire shops. The test was run for three hours, from nine A.M. until
twelve M. The readings and cards were taken simultaneously every
five minutes. Revolutions v/ere recorded every minute by means of a
continuous counter.
The follov/ing readings v/ere taken with each set of cards? time,
steam-pressure, high air pressure, low air precsure, inlet air temp-
erature, room temperature and R. P. M. The horse power developed by
the various cylinders v/as found and then the mechanical efficiency
Was calculated.
Engine Constants.
FLAN H. P. L. A^ constant.
33000^ .^3000
Steam cylinders
;
erank end LA
_
.0019039^., ^ead end LA 0019225.
53000 ' 33000
High pressure air, crank end LA ,..0019225^ head end LA._ . 0019332.
33000 33000
Low pressure air, crank end LA ^.0050163, head end, LA^ .005077.
33000 33000
The following are the original data and results;
71.
- oil if
3b IdHOq #810:' '^^•^ 0•X'^^"^
No. Tine. Stsam Air Pressure. Temperatures. R. P.I.I.
Pressure. High. Lov;, Inlet Air. Room.
1. 9:00 75 116 26 17 85 56
2. 9:05 75 115 26 17 8? 55
3. 9:10 78 120 27 17 83 59
4. 9:15 76 120 27 18 83 44
5. 9:20 75 120 27 18 83 44
6. 9:25 75 110 25 19 84 56
7. 9:30 73 110 26 19 84 49
8. 9:35 72 105 26 19 84 50
9. 9:40 75 108 26 19 84 50
10. 9:45 77 115 26 19 85 47
11. 9:50 78 120 27 19 86 55
12. 9:55 78 125 27 19 86 49 - t
13. 10:00 78 128 27 19 86 48
14. 10:05 75 130 27 19 86 43
15. 10:10 75 120 27 19 . 88 50
16. 10:15 75 125 27 19 88 52
17. 10:20 72 115 27 19 84 45
18. 10:25 73 118 27 19 82 49
19. 10:30 70 115 27 20 81 44
20. 10:35 72 112 27 20 81 55
21. 10:40 78 117 27 20 81 67
22. 10:4r 75 120 27 20 79 47
23. 10:50 74 115 27 20 80 63
24. 10:55 76 125 27 20 79 51
72.
«3
r
'
r
No. Time. Steam Air Pressure. Temperatures.
Pressure. High. • Lev/. Inlet Air. Room..
R. P. IL
25. 11:00
26. 11:05
27. 11:10
28. 11:15
29. 11:20
30. 11:25
31. 11:30
32. 11:35
33. 11:40
34. 11:45
35. 11:50
36. 11:55
37. 12:00
75 127
81 130
81 140
7 6 l'^2
74 118
78 130
76 133
78 135
78 133
72 125
76 122
76 130
78 135
27 20
27 21
28 21
27 21
27 22
27 22
28 2?
28 22
27 22
28 24
27 26
27 28
28 28
79 42
81 60
80 54
79 45
76 51
78 54
77 44
80 46
81 53
80 41
81 56
82 50
80 49
73.

74.

Time. R. F. M. Time. R. P. I,:. Time. R. P. Time. R. P. M.
10:36 53 11 :00 42 11 :24 60 ] 1 :48 53
10:37 57 11:01 45 11 :25 11 :49 55
10:33 62 11:02 45 11 :26 55 11 : 50 56
10:39 66 11:03 48 11 :27 51 11 : 51 54
10:40 67 11 :04 53 11 :28 48 11 : 52 53
10:41 62 11:05 60 11 :29 45 11:53 48
10:4S 65 11 :06 r4 11 : 30 44 11:54 48
10:43 55 11:07 65 11:31 47 11:55 50
10:44 56 11 :08 64 11:32 47 11:56 '51
10:45 47 11 :09 58 11:33 44 1 1 : 57 53
10:46 52 11 :10 54 11:34 48 11:58 44
10:47 51 11:11 49 11 :35 46 11 : 59 50
10:48 51 11:12 48 11:36 44 12:00 49
10:49 53 11:13 44 11:37 44
10:50 63 11:14 43 11:38 48
10:51 44 11 :15 45 11 :39 52
10:52 52 11 :16 51 11 :40 53
10:53 53 11 :17 43 11 :41 52
10:54 52 11 :18 50 11 :42 51
10:55 51 11:19 50 11 :4S 47
10:56 48 11:20 51 11 :44 42
10:57 46 11 :21 52 11:45 41
10:58 42 11:22 53 11 :46 45
XU •Of ox XX c^fc / Aft
75.

Low
Side.
1. 11.38
2. 11.22
3. 12.08
4. 8.80
5. 8.82
6. 10.94
7. 9.70
8. 9.59
9. 9.80
10. 9.42
11. 11.27
12. 10.32
13. 10.06
14. 8.91"
15. 10.34
16. 10.72
17. 8.90
18. 9.89
19. 8.88
20. 11.27
21. 13.75
22. 9.8"^
23. 12.77
24. 10,78
Steam.
_
Total
High" I.H. P.
Side. Steam.
10.77 21.15
10.62 21.84
11.38 23.46
8.23 17.05
8.32 17.14
10.42 21.36
9.11 18.81
9.01 18.60
9.27 19.07
9.00 13.42
10.67 21.94
9.65 19.97
10.89 20.95
8.48 17.39
9.73 20.07
11,28 22.00
8.45 17.23
9.44 19.33
8.22 17.10
10.67 21.94
13.19 26.94
9.27 19.10
12.08 24.85
10.20 20.96
I.H. P. Air
Low High
Press. Press.
10.50 9.44
10.24 9.50
11.
-^9 10.29
8.22 7.36
8.01 7.23
10.29 9.24
8.27 5.68
9.11 7.55
9.08 7.77
8.64 7.71
10.07 9.46
10.42 8.76
8.98 8.35
7.79 7.38
9.46 8.74
10.91 9.25
8.35 7.23
9.27 8.35
8.14 7.26
10.37 8. 98
12.59 11.19
8.84 8.05
11.82 10.36
10.64 8.96
Total l.iech.
I.H. P. Eff. %
Air.
19.94 94.2
19.74 90.3
21.58 92.0
15.58 91.4
15.24 88.9
19.53 91.4
13.95 74.1
16.66 89.2
16.85 88.3
16.35 88.7
19.53 89.0
19.18 96.0
17.33 82.7
15.17 87.2
. 18.20 90.6
20.16 91.6
15.58 89.8
17.62 90.0
15.40 90.0
19.35 88.2
23.78 89.0
16.89 88.4
22.18 89.2
19.60 93.4
76.

No. I.H, r. Stoar,. Total I.H. P. Air. Total ^Mech.
•Low High I.H. r. Low High I.H. P. Eff. $
Gids. Side. Steam. Press. Press. Air.
25. 8.99 8.44 17.4? 7.96 7.55 15.51 80.9
26. 15.03 12.55 25.57 11.25 11.01 22.26 87.0
27. 12.13 11.25 23.38 10.25 10.19 20.24 87.4
28. 8.73 9.04 18.77 8. 43 8.29 16.77 89.3
29. 10.37 9.84 20.21 8.37 8.68 18.05 89.3
30. 11.71 10.81 22.52 10.22 10.08 20.30 94.6
31. 9.53 8.99 18.52 8.44 8.25 16.69 90.1
32. 10.07 9.64 19.71 8.57 8.40 16.97 84.1
33. 11.56 10.82 11.38 11.24 10.05 21.29 95.1
34. 8.74 8.05 16.79 7.72 7.15 14.87 88.5
35. 11.95 11.01 22. 9P 10.50 9.93 20.43 88.9
36. 10.75 9.93 20.66 9.78 9.17 18.95 91.6
37. 10.41 10.09 20.50 9.17 9.19 18.36 89.5

10.2-nO-2M-0
B©ttreR PBES. Z!^..
R.P.M tC^Z.
SCALE sJEi^.
A/ £.;^^^. 60
S ^^. /r -- 7
a
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Test of a Compound Marine Steam Engine Run hy Comprccced Air.
The object of the tost '.vas to determine tVie amount of air con-
sumed per. "brake-horse-^ower-liour usin^^ air at different pressures
and running the engine at different speeds. Also to find the value
of heating the air.
The engine used was the 2 3/8" x 4 1/4" x 3 1/8" Marine Engine
in the I.!echanical Engineering Laboratory at the University of 111.
To accomplir:h this object, tests of one hour duration were run
at constant prest;ure and brake load; the revolutions of the engine-
and brake load were recorded, also the amount of air used during
the test, which was found by keeping track of the compressor, by
continuous counter and multiplying the number of revolutions of
compressor during the test by the v.-eight of air compressed per
stroke, the pressure inthe tank being brought t^ the same point
as at the beginning of the test.
The amount of air compressed per revolution of compressor was
found as follows: The receiver v/as carefully calibrated as to volume
by filling it with v/ater at the top of the tank until full and then
let run out at the bottom and carefully weighed. This being repeat-
ed several times to insure accuracy.
The volume of the pipe from the compressor to tank and from the
tank to engine vfeis calculated and added to the calibrated volume
of the tank. The total volume v/as found to be 9^.447 cubic feet.
Thermometers vrere inserted in the side of the tank to get the
temperature near the top and bottom and the average was used. The
82.

continuous counter was placed on the compressor to get the total
number of revolutions.
The tank being empty the compressor was started and^numbcr of
revolutions required to pump the air in the tank from ^ pounds to 100
pounds noted also the average temperature of the air in the tank at
pounds and 100 pounds. '
From this the weight of free air pumped in was calculated by means
of the formula G-G» = V/R (p/T-p'/T') in which G = weight of air,
p = absolute" pressure and T= absolute temperature at 100 pounds
gauge pressure and G*,P*>T', denote the same at pounds gauge press-|
ure. G-G* = weight of air pumped into the tank v/hich divided by the
total number of revolutions of the compressor equals the amount of
free air in pounds compressed per. revolution.
To find the brake horse-power of the engine multiply the perimeter
of the circle having the length of the brake arm, which is 2 1/6
feet by the number of revolutions of the engine and by the weight
on scale less weight of brake arm and divide this product by 33000.
Dividing the horse power of the engine by the weight of air used
per. hour we have the air consumption in pounds per. brake-horse-
power-hour. To find the cubic feet at 60 degrees F. multiply the
number of pounds by 12.61.
To find the result of reheating compare the results of tests with
the same initial pressure at engine and same number of revolutions
of the engine.
j
To get pressure and temperature before entering the engine a
pressure gauge and thermometer were inserted between the throttle
83.

•valve and the engine. A thermometer "/as also inserted in the pipe
"between^high and lov; prer^sure cylinders to get^^ temperature, of the
air,alf:o one in the exhaust pipe.
Tests "rsre run at 50, G5 and SO pounds initial pressure, regulated
by a hand governed throttle valve, with engine running at 200, 300
and 400 R.P.I.':, each. The temperature of air v^as noted in each test
"before entering, "betweeii cylinders and in the exhaust pipe.
Tests were run using cold air, air heated before entering engine
and before entering and between cylinders.
The air ^vas heated between cylinders by means of a gas fla"^.
under a long pipe v.'hich was inserted in place of tlie short connect-t-
ion originally there.
The following sheets contain tabulated results and value of re-
heating, also photographs to shoiv arrangement of brake and reheat-
ing connections.
04.
I
No. Time. R.P.I:. Press. Load. ' Temperatures B. H. P. Total Air per.
hrs. Before Betv/een Ex- air B. H. P. per.
enter- cylln- haust. used. hour,
ing. ders. Lbs. Cu. Ft.
1. 1 560 50 9 81 30 1.28 110.62 85.6 1079.4
2. 1 297 50 11 82 25 1.34 132.92 84.2 1065.7
3. 1 234 50 12 81 30 1.15 97.06 84.4 1064.2
4. 1 381 65 11.5 82 12 l.RO If^O.O 88.8 1119.7
5. 1 325 65 13 82 10 1.69 142.6 84.3 1062.9
6. 1 272 65 14 82 12 1.48 126.6 85.5 1078.1
7. 1 372 80 16 82 2.32 199.0 85.8 1081.9
8. 1 344 80 18 82 2.55 198.77 77.8 981.0
9. 1 284 80 19.5 82 -2 2.28 183.38 80.4 1013.8
10. 1 446 50 10 205 57 1.83 135.03 74.5 939.4
11. 1 296 50 12 230 62 1.43 103.91 70.3 886.4
12. 1 216 50 13.3 230 54 1.18 94.25 79.8 1006.2
13. 1 434 65 14 200 30 2.51 168.43 67.1 846.1
14. 1 275 65 17 215 45 1.81 119.91 56.1 833.5
15. 1 203 65 18.8 210 45 1.57 111.47 71.0 895.3
16. 1 398. 80 18 173 40 2.95 191.75 65.0 819.6
17. 1 307 80 21.3 190 30 2.69 175.4 64.0 807.0
18. ^1 238 80 23 200 30 2.28 157.8 69.1 871.3
19. 1 421 50 12 175 255 110 2.08 137.9^ 66.0 832.2
20. 1 288 50 14 215 255 115 1.66 107.38 64.6 914.6
21. 1 217 50 15 212 250 105 1.34 99.94 74.0 933.1
22. 1 398 65 16 175 208 75 2.62 162.44 62.0 781.8
23. 1 329 65 17.5 197 247 95 2.38 138.04 58.0 731.3
24. 1 219 65 20 220 250 105 1.80 117.04 65.0 819.6
85.

No. Time. .R. P. 1.1. Press. -Load. Temperatures. -B. H. P. Total. Air per,
hrs. Before Bet\veen Ex- air B. H. P. per
'Onter- cylin- "haust. .used. hour,
ing. ders. lbs. cu. ft.
eS. 1 400 80 -20.5 165 190 65 3.68 207.2 56.5 712.4
26. 1 295 80 23 177 217 70 2.76 165.6 58.0 731.3
27. 1 211 80 26 188 245 87 2.26 145.2 64.2 809.5
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Tests on 'an Oscillating S tea!?. Engine Run by Coinpressed Air.
!
The object of the test v/as to find the amount of air consumed per,!
brake horse power per. hour using air at .different pressures and runt
ning the engine with different brake loads from zero to a maximum.
Also to find the value of heating the air.
The .engine used in these tests was the oscillating engine asod
to run the Babcock and Wilcox chain grate at the University of
Illinois heating and boiler plant.
The engine was removed from its foundation, taken into the test-
ing laboratory and connected up with air as shov/n in the accompan-
ing photograph.
Owing to the limits of time tests of fifteen minutes duration
were run vrith air at 65 pounds anr'. 80 pounds pressures and brake
loads of 0, 2, 4, 6, 8, 10, 12, ^nd 14 pounds usinf^ air cold; then
the tests were repeated using air heated.
The air consumption was obtained in the sam.e v;ay as in the pre-
vious test.
The followir.g pages show the data and results of the tests.

No. Time. R. P.M. Press. Load. Temperatures. B. H. P. Total. Air per.
mins. Before. Exhaust. . air B. H. P. hr.
used. Lbs. Oil. Ft.
1. 15 65 89 72 .0 14.96
2. 15 280 65 2 89 62 .23 15.02 260. 3276
3. 15 250 65 4 90 55 .41 18.20 172.8 2177
4. 15 243 65 6 90 50 .59 22.79 152.4 1920
5. 15 230 65 8 89 42 .75 31.33 160.8 2026
6. 15 222 65 10 90 38 .91 36.91 161.2 2031
7. 15 204 65 12 91 40 1.00 45.4ki 180.0 2268
8. 15 249 80 4 96 40 .41 20.05 195.2 2459
9. 15 246 80 6 96 34 .60 24.55 161.2 2031
10. 15 245 80 8 90 25 .80 28.46 140.8 1774
11. 15 232 80 10 90 27 .95 44.50 186.4 2348
12. 15 221 80 12 91 32 1.09 58.92 215.2 2711
13. 15 157 80 14 96 45 .89 77.50 348.4 4389
14. 15 365 65 200 94 .0 13.03
15. 15 269 65 2 200 93 .22 13.34 241.2 3039
16. 15 254 65 4 200 88 .42 16.00 153.6 1934
17. 15 242 65 6 200 76 .59 17.89 119.6 1506
18. 15 239 65 8 200 74 .83 24.51 118.0 1486
19. 15 230 55 10 190 72 .94 31.94 134.6 1695
20. 15 203 65 12 165 70 1.00 44.00 175.2 2207
21. 15 255 80 4 200 97 .42 18.53 176.4 2222
22. 15 247 30 6 200 86 .61 23.03 150.4 1895
2'^. 15 242 80 8 200 76 .80 28.29- 140^0 1764
24. 15 235 80 10 195 78 .96 38.93 160.4 2021

No. Time. R. P. M. Press. Load. Temperature. - B. H. P. Total Air per.
mins. Before. Exhaust. air B. H. P. hr.
used. Lbs. Cu. Ft.
25. 15 226 80 12 175 79 1.12 54.06 182.8 2429
26. 15 161 80 14 158 90 .92 81.95 352.8 44:^5
94.
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Comparison of Actual anri Theoretical Gain in Heating Air.
Let I = Indicated Horse Power using air cold,
ji-s w It tf ft ff heated.
B = Brake " " , " " cold.
.
B'= " " " " "heated.
T = Temperature of air cold.
T'= " " " heated.
V = Volume of air cold.
v*= " " same weight of air heated.
I = pv X some constant.
I»= pv'x " "
But with constant pressure v : v' = T : T* , therefore
I : I' = T : T* v;ith constant weight of air.
I» = I X tV T.
B = I - F.
E«= I'- F = I X T'/ T - F.
B'- B = I (T'/ T -1) = I (T'- T)
T
Gain and B. H. P. = B*- B = I ( T'- T ).
B B T
Gain in I. II. P. = T'- T .
T
Evidentlj^ from the equations the gain in r>. H. P. is greater than
the gain in I. H. P. in the ratio I : B ; hence experiments in which
B. H. P. only were used should show a greater gain per. cent from re
heating than is given by the equations. This is the case in the ex
periments tried. The temperatures v;'ere ^2 and 200 degrees F. so
that T = 543, T» = 'fifil. Therefore the gain in I.-H. P. = .2175,
99

From actual case the gain in B. H. P. = .244.
If we assLime the efficiency of the engine to he .80 then I / B =
1 /.80 = 1.25; hence_I x (T*- T) = 1.25 x .2173 = .2717 which
B T
should be the gciin in B. H. P.
100.







